This study investigated the short-term radiographic healing of the osteotomy following tibial tuberosity advancement (TTA), maintenance of patellar tendon angle (PTA), and complications in dogs receiving a polyglycolic acid (PGA) TTA cage. Patients diagnosed with unilateral cranial cruciate ligament disease requiring a 9-or 12-mm TTA cage were included. Twenty-six consecutive client-owned dogs were prospectively selected for this clinical study. Age, weight, sex, breed, cage size, surgery date, and follow-up time were recorded. Radiographs were scored for healing and measured for PTA immediately, at 6 wk, and at 10 wk postoperatively. All stifles were assessed for complications throughout the study period. Stifles with PGA cages had similar overall healing scores compared to previously reported values for metallic cages, and the PTA was well maintained at 6 and 10 wk postoperatively. Polyglycolic acid cages were associated with a higher complication rate (10/26, 38%; 95% confidence interval, 0.19-0.61) compared with previously reported complication rates for metallic cages. Despite favorable healing scores and overall PTA maintenance, PGA cage use resulted in a high complication rate. Proposed advantages offered by this particular implant over currently used metallic cages are offset by this high complication rate. Additional investigation of bioabsorbable materials and implant design should be considered. (J Am Anim Hosp Assoc 2018; 54:85-94.
Introduction
Complete or partial rupture of the cranial cruciate ligament (CrCL) is the most common disorder of the stifle joint in dogs and represents one of the most common veterinary orthopedic conditions. 1 A ruptured CrCL results in unrestrained translational stifle instability (tibiofemoral shear), causing debilitating pain, lameness, and progressive articular cartilage injury. Tibial tuberosity advancement (TTA) is a frequently used surgical treatment for CrCL disease that neutralizes cranial tibiofemoral shear force by advancing the insertion of the patellar ligament until it is perpendicular to the tibial plateau with the joint in extension. This 90 o patellar tendon angle (PTA) is typically maintained by stabilizing the osteotomy of the proximal tibia with procedure-specific stainless steel (SS) or titanium (Ti) plate and cage implants. 2 The TTA plate and cage function together like a tension-band wire construct, with the plate neutralizing distractive forces while the cage prevents collapse of the osteotomy gap and loss of desired PTA. Progressive postoperative healing of the osteotomy site occurs such that the implants serve only a temporary role in maintaining TTA stability and PTA.
Elective orthopedic implant removal contributes to almost 30% of planned orthopedic procedures in industrial countries and is one of the most common human surgical procedures performed
From the MedVet Medical and Cancer Centers for Pets, Worthington, Ohio worldwide. 3 Because the majority of devices serve only a temporary role in the body to facilitate anatomic bone healing, their removal is meant to prevent long-term implant-associated morbidity including stress shielding, implant corrosion, carcinogenic potential, infection nidus, and interference with future radiologic imaging. 4 By contrast, elective or "prophylactic" implant removal is less often performed in veterinary patients. A common nonelective reason for implant removal in veterinary patients is short-or late-term postoperative infection.
Reported TTA postoperative infection rates range from 2.6 to 8.7%. [5] [6] [7] [8] [9] [10] As with any orthopedic device, bacteria may form biofilms on metallic TTA implants, which make them highly resistant to host immune responses and antibiotic administration. 4 Most of the studied veterinary applications have focused on trauma-related polymer implants, which have to resist a complex variety of mechanical forces acting upon a repaired fracture site. [11] [12] [13] By contrast, the TTA cage may be better suited for polymer composition because it functions primarily to transfer the compression component of the patella ligament force from the tibial tuberosity to the metaphysis. 5, 14 Polyglycolic acid (PGA) is a commonly used bioabsorbable polymer that has been utilized for decades in a variety of surgical applications. 4 Polyglycolic acid polymers have proven biocompatibility, consistent resorptive properties, high initial mechanical strength, and a projected degradation period of 6-12 mo. 4 The objectives of this study were to evaluate the short-term radiographic TTA osteotomy healing and maintenance of PTA in dogs receiving a cuttable PGA TTA cage a ( Figure 1 ). In addition, we aimed to report any radiographic and clinical complications encountered. Prior to this clinical study, the time-dependent viscoelastic properties of the PGA cage were evaluated in vitro using the American Society for Testing and Materials standard testing method for reproducing plastic aging by way of time and temperature superposition shift soaks. 15 Additionally, the cages were tested using standard methodology for resistance to compression loads at various levels of molecular weight loss. 16 The 
Materials and Methods

Patients
The inclusion criteria for this prospective clinical study consisted of the following: consecutive client-owned dogs with unilateral CrCL disease; a TTA was performed with either a 9-or 12-mm PGA cage;
immediate, 6-, and 10-wk postoperative lateral stifle radiographs were available for review; and no previous stifle surgery had been performed. All dogs also had to be skeletally mature and weigh .15 kg.
Owners whose dogs met the inclusion criteria were counseled on the management of canine CrCL disease and typical TTA surgery.
Care was taken to ensure owners understood that the PGA cage implant was novel and had not been tested in a clinical setting and no outcome data was available for reference. Informed consent was TTA procedures were performed as described previously using "forkless" plates and without any grafting of the osteotomy sites. 9 Patients received either a 9 or 12 mm PGA TTA cage a ( Figure 1 ) with SS wings, which was placed in the same fashion as a metallic cage.
Craniocaudal and mediolateral immediate postoperative digital radiographs were taken to assess implants and the osteotomy ( Figure  2 ). All surgeries were performed by a single surgeon (M.D.B.).
Postoperative Care
Postoperative pain management consisted of 0.5 mg/kg IV or intramuscular morphine q 4-6 hr as needed for the first 12-18 hr after surgery. A nonsteroidal anti-inflammatory drug and cephalexin j (22 mg/kg orally q 8 hr) were started the evening after surgery and continued for 5-7 days after surgery. Tramadol k (3-4 mg/kg orally q 8 hr) was started the evening after surgery and continued for 4 days.
All dogs were discharged the day after surgery. Skin staples or 
Follow-Up Evaluation
Dogs were evaluated at 6 and 10 wk following surgery and lateral stifle radiographs were performed on awake patients. All radiographs were randomized and evaluated by a single board-certified radiologist (A.T.W.) blinded to patient information and postoperative time frames. Healing of the osteotomy site was scored using a previously published 0-4 scale: 0, no osseous healing; 1, early bone production without bridging between the tibial tuberosity and the shaft of the tibia; 2, bridging bone formation at one site; 3, bridging bone at two sites; and 4, bridging bone at three sites. The three osteotomy sites evaluated were proximal to the cage, between the cage and the plate, and distal to the plate ( Figure 3 ).
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Immediate (time 0), 6-, and 10-wk postoperative PTAs were measured using the common tangent method as previously described. 18 
Complications
Any complications that occurred within the 10-wk postoperative period were included in this study. Complications were classified as minor or major based on previously published recommendations. 19 Major complications were those that required treatment with a second surgical procedure, whereas minor complications resolved without additional surgery or extended medical care.
Statistical Analysis
All statistical analyses were performed using statistical software was done using a Fisher exact test for a two-by-two contingency table.
Significance was set at P , .05 for all testing.
Results
Patient Data
Twenty-six client-owned dogs who were treated for unilateral CrCL to-large breeds and mixed breeds. Seventeen (65%) stifles received a 9-mm cage, and the remaining 9 (35%) received a 12-mm cage.
Re-Evaluation
All patients were re-evaluated by physical examination and a lateral stifle radiograph at 6 wk and 10 wk postoperatively. The mean time to the 6-and 10-wk re-evaluations was 42 and 77 days, respectively.
FIGURE 3
A routine 10-wk follow-up radiograph. The three sites used to evaluate osteotomy healing: 0, no osseous healing; 1, early bone production without bridging between the tibial tuberosity and the shaft of the tibia; 2, bridging bone formation at one site; 3, bridging bone at two sites; and 4, bridging bone at three sites. 6 This stifle received a healing score of 3.
Healing Scores
All 6-and 10-wk postoperative radiographs were scored for osteotomy healing. The median osteotomy healing score was 2 (mean, 2.3, range, 0-4) at 6 wk and 3 (mean, 3.0, range, 1-4) at 10 wk following surgery ( Table 1) . The mean healing scores were an average of 0.7 points higher at 10 wk compared with 6 wk postoperatively, which was statistically significant (P ¼ .002).
Patellar Tendon Angle
All postoperative radiographs at the 0-, 6-, and 10-wk time points
were measured to determine PTAs ( 
Discussion
We report on the first use of a PGA TTA cage and found that although it provided similar osteotomy healing scores compared to previously reported metallic cages, and maintained PTA over time, it produced a high rate of complications. 6, 9 Polyglycolic acid was selected for this study over other polymers because of its strength, well-documented biologic compatibility, and projected degradation period of 6-12 mo. 4 This degradation period was hoped to provide sufficient support of the osteotomy site while offering the benefit of complete absorption once the healing process was complete.
The mean 6-and 10-wk healing scores of 2.3 and 3.0 in this study compare favorably with those previously reported using the same TTA plate design but with SS cages, with mean healing scores in that study of 2.3 and 3.0 at 6 and 10 wk, respectively. 9 When mean values were analyzed separately, PGA patients who developed broken wings actually had a slightly higher mean 6-wk healing score (2.5) than PGA patients without broken wings (2.3; P ¼ .33). The mean healing score at 10 wk for patients with broken wings was also higher (3.2) than patients with intact wings (3.0; P ¼ .75), suggesting that broken cage wings did not delay healing.
A basic assumption of the TTA technique is that stable internal fixation of the advanced tibial tuberosity by technique-specific im- Prospective Evaluation of a Polyglycolic Acid TTA Cage of this study revealed that the use of a PGA cage resulted in a PTA that was well maintained from 0 to 6 wk (mean, 1. . 21, 22 However, the impact these minor changes in PTA could have on the incidence of postoperative meniscal tears is unknown but should be considered.
The overall patient complication rate was 38%; however, if the total number of complications (14) are evaluated, the rate would be 54%. These numbers are higher than those previously reported using metallic TTA cages (11-31.5%). 5, 9, 10, 23, 24 Broken cage wings was the 
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Our study has some limitations. Although a published scoring system for healing scores exists, there is still an inherent subjectivity for both healing score determination and measurement of PTA. To improve the consistency and eliminate interobserver variability for these measurements, we used a single, board-certified radiologist (A.T.W.) for all radiographic evaluations, who was blinded to patient parameters and postoperative time frames. Additionally, this is the first report measuring PTA following a TTA over time. Although the TTA procedure assumes that stable metallic implants maintain the PTA during the healing period, this has not been specifically documented to our knowledge. Inclusion of a control group receiving metallic TTA cages prospectively evaluated alongside the PGA group would have strengthened this assumption.
However, given the lack of significant PTA change over time using an absorbable PGA cage, the authors feel that it is unlikely that use of a metallic cage would allow for any such change. Lastly, although 
Conclusion
Despite favorable healing scores and their ability to maintain postoperative PTA, the use of this PGA TTA cage cannot be recommended because of the high rate of implant-associated complications. Any proposed advantages offered by this particular implant over currently used metallic cages are offset by this high complication rate. We believe the concept of a bioabsorbable TTA cage is worthy of additional investigation and that future studies using different bioabsorbable materials and implant designs should be considered.
The results of this study were presented in poster format at the ACVS Surgical Summit in San Diego, California, October 2014. The authors thank the Securos Orthopedic Institute for supporting this study. Dr.
FIGURE 6
Lateral radiograph of a dog whose cage resorption outpaced osteotomy healing, causing both wing and plate breakage and marked cranio-proximal displacement of the tibial tuberosity 8 wk after surgery. This dog required revision surgery and ultimately had a good outcome.
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